Surveys of soil properties related to soil functioning for many regions of Kyrgyzstan are limited. This study established ranges of chemical (soil organic matter (SOM), pH and total N (TN)), physical (soil texture), and biochemical (six enzyme activities of C, N, P, and S cycling) characteristics for nine profiles from the Kukart watershed of Jalal-Abad region in Kyrgyzstan. These profiles represent different soil orders (Inceptisols, Alfisols, and Mollisols) and land uses (cultivated, nut-fruit forests, and pasture). The Sierozem (Inceptisols) soils had the highest pH and contained the lowest SOM and TN contents compared to the Brown, Black-brown, and Meadow-steppe soils (Alfisols and Mollisols). Enzymatic activities within surface horizons (0-18 cm) typically decreased in the following order: forest > pasture > cultivated. Enzyme activity trends due to land use were present regardless of elevation, climate, and soil types although subtle differences among soil types within land use were observed. The significant reductions in measured soil enzyme activities involved in C, N, P, and S nutrient transformations under cultivation compared to pasture and forest ecosystems and lower values under Inceptisols can serve as soil quality indicators for land use decisions in the watershed.
Introduction
Expected changes in global climate, land uses, population distribution, and water availability create challenges to meet societal needs for ecosystem services that agricultural, forestry, and pasture lands provide. In order to make sound decisions regarding land use, knowledge of specific properties related to soil functioning under different land use scenarios are necessary. Dynamic properties such as enzyme activities and soil organic matter (SOM) are sensitive to land management practices and can provide valuable information about important soil processes such as nutrient cycling, decomposition and formation of SOM, and overall productivity potential. Enzymatic potential in soils is influenced by inherent soil properties such as soil texture, type of clay, and drainage class that were established as soil formed as well as dynamic properties such as SOM, pH, and nutrient holding capacity. Among the various enzymes present in soil, assessment of the activities of hydrolases involved in C, N, P, and S cycling can provide information about soil fertility [1, 2] as well as the metabolic potential of soil [3, 4] . Previous studies with soils from various regions have shown that enzyme activities are sensitive to soil changes due to tillage [5, 6] , cropping systems [7] [8] [9] , and land use [10] [11] [12] .
Surveys of soil properties related to soil functioning for many regions of Kyrgyzstan are limited. Kyrgyzstan is a mountainous country located in the north-eastern part of Central Asia. Altitudes range from 500 to 5000 m above sea level creating diverse ecological landscapes. The land area of the Kyrgyzstan represents 191,800 km 2 with approximately 5.0% under forest, 7.0% under arable and permanent crops, and 49% are pastures [13] . Many forested regions within this country contain the original genetic sources of many domesticated fruit and nut trees that are cultivated widely in temperate countries. For example, KaraAlma and Arslanbob in the Jalal-Abad Province are home to some of the largest walnut forests, where trees occur in extensive, nearly pure stands at 1,000-2,000 m altitude [14] . In this country, there are soil studies that date to >40 years ago about SOM [15] , the activities of urea and phosphatases [16] and microbial classification using culture methods [17] , however, few current soil evaluations exist. Information about soil properties for this region will increase the knowledge base regarding how typical land uses in the region impact the functionality of the soil ecosystem. The objective of this study, therefore, was to evaluate selected chemical (SOM, pH, and total N), physical (soil texture), and biochemical (enzyme activities involved in C, N, P, and S cycling) characteristics for different soil profiles from the Kukart watershed of the Jalal-Abad region of Kyrgyzstan representing three land uses: cultivated, nut-fruit forests, and pasture.
Material and Methods

Geographic Characterization of the Kukart Watershed.
The Kukart watershed is located in the Jalal-Abad region of Kyrgyzstan. This region is characterized by a diverse ecological setting (elevation ranging from 500 to 2000 m, fluctuating weather patterns and soil types), which supports multiple land use options important for the region's economy (i.e., agricultural, grazing lands, nut-fruit forests, etc.). A total of nine soil profiles were sampled from three contrasting land uses within the Kukart watershed (1370 km 2 ), spanning an elevation gradient from 732 m to 1942 m (Table 1 and Figure 1 ). The Kukart watershed is bordered by latitudes 41
• 08 10.18 N and 40
• 53 59.2 N to the north and south, respectively, and longitudes 72
• 55 06.99 E and 73
• 34 35.30 E to the west and east, respectively. It is located on the western and southwestern slopes of the Fergana and Chatkal ridges of the southwestern Tien-Shan mountain range.
The Kukart watershed is characterized by a continental subtropical climate. In the foothills, the average daily temperature in July is 28
• C. In January daily averages are as low as −14 • C (Jalal-Abad Meteorological Station). Conditions are much colder at high elevations, where the average daily temperature for July is 5
• C and in January is −28
• C (Jergetal Meterological Station). The majority of the annual precipitation falls during winter and spring with little precipitation occurring during summer months. Average annual precipitation is between 100 and 500 mm in the foothills and from 500 to 1,000 mm in the mountains (above 1,000 m). The geology of the Kukart watershed is dominated by deposits from the middle and upper Paleozoic period, which was described in detail by Roichenko [18] . In this watershed, clay and clay-siliceous shales and small-grained sandstones are dominant and are up to 150 m thick. Thick dark greenishgray clay and clay-siliceous, chlorite shales, containing layers of sandstone, diabase, and dolomite limestone were found in the upper part. Main facies types of Devonian deposits for Kukart watershed are effervescent (i.e., carbonates present).
Soil and Flora Characteristics of Each Land Use Group.
For each of the three land use groups, three soil profiles were characterized ( Table 1 ). The first land use group was forests (nut or nut-fruits) with a profile sampled under a pistachio (Pistacia vera L.) plantation located at 850 m elevation and two profiles sampled under native walnut-fruit forests located at 1580 m and 1800 m elevation, respectively, (Figures 2(a)-2(c) ). Soils from the two walnut-fruit forests were Black-brown or Brown soils (both Mollisols) while the pistachio plantation was sampled from a Sierozem (Inceptisol). The native walnut (Juglans regia L.) fruit forests also contained Kirghiz apple (Malus kirghisorum Theodet. Fed.), Niedzwetzky apple (Malus niedzwetzkyana Dick.), almond A third land use group represented long-term cultivated sites either under maize (Zea mays), cotton (Gossypium hirsutum), or sunflower (Helianthus annuus) for at least three consecutive years prior to sampling (Table 1; Figure 2 (f)). The cotton and maize sites (furrow irrigated) were classified as Sierozems (Inceptisols) and located in the foothills at an elevation of 732 m and 833 m, respectively. The sunflower site under a Brown soil (Alfisol) was not irrigated and was at an elevation of 1615 m.
Soil Sampling and Analyses.
The soil samples were collected by genetic horizons within each profile, air dried, passed through a 2-mm sieve, and stored in cloth bags for subsequent analyses. Soil texture was determined by a rapid method as described by Kettler et al. [19] . Soil pH was measured from a 1 : 2 (soil : water) mixture using a combination glass electrode. Soil organic matter was determined by the weight loss on ignition method. Briefly, soil samples were oven-dried at 105
• C overnight, cooled in a desiccator, and weighed. The samples were then ignited at 400
• C for hours in a muffle furnace. After ignition, samples were transferred to a desiccator until it cooled and again weighted. The loss on ignition (LOI) was calculated using the following formula:
where W 1 = oven-dry soil weight (g) dried at 105 • C and W 2 = soil weight after ignition at 400 • C. SOM was then estimated according to the equation: %SOM = (%LOI * 0.7) -0.23 as recommended in the Cornell Soil Health Assessment Training Manual [20] . Total N was determined by dry combustion using a Carlo Erba 1500 NA (Milan, Italy).
The enzyme activities, β-glucosidase, β-glucosaminidase, acid and alkaline phosphomonoesterase, phosphodiesterase, and arylsulfatase, were assayed using 0.5 g of air-dried soil with the appropriate assay conditions (i.e., incubated for 1 h at 37
• C at their optimal pH and substrate final concentration) as described by Tabatabai [21] . β-glucosaminidase activity was determined similarly as described by Parham and Deng [22] . The enzyme activities were assayed in duplicate with one control, to which substrate was added after incubation (product of all reactions is PN = p-nitrophenol). A summary of the assay conditions, reactions, and role of these enzymes in soil metabolic functioning is provided in Table 2 . 
Data Calculations.
As a survey, our purpose was to establish ranges of commonly used soil properties important for nutrient cycling and productivity among the three land use groups (pasture, forest, and cultivated) within the Kukart watershed. Enzymes were grouped into C-cycling and P-and S-cycling groups using three-dimensional plots to determine if patterns among land use groups existed. In order to compare surface soils (0-15 cm), the top two soil depths were summed for the three forest sites and two of the three pasture sites. The remaining sites were already sampled at this depth (except for one of the cultivated sites where the first soil horizon was taken from 0 to 34 cm depth).
Results and Discussion
Soil Physical and Chemical Characterization of the Nine
Soil Profiles. The texture within the top 57 cm of soil depth from the Kukart watershed was generally in the loam family (i.e., silt loams, silty clay loam, clay loams, etc.) and ranged in clay content from 6% to 39% ( The two Brown and Black-brown (Mollisol) profiles from the nut-fruit forested sites (KA 1 and KA 2 ) contained higher SOM levels (i.e., 12-16% from the Oe and 9-12% from the A1 horizons) compared to all other profiles (<7.6% in the A horizons), including the other forest profile, which was a Sierozem (Inceptisol) under pistachio (Su 1 ). Additionally, these two forested sites had higher levels of SOM at depth compared to the other land use sites. For example, SOM was 2.65% within 48 cm depth at the KA 1 site and 5.51% within 57 cm depth at the KA 2 site. The levels of SOM found at greater than 1 m depth were comparable to the surface horizons of the cultivated Sierozems indicating the importance of vegetation-land use interactions in supporting SOM formation and stabilization [23] . Compared to other soil orders using the USDA system, the Inceptisols (Sierozems) of this watershed experience less precipitation and higher temperatures due to their geography (foothill position on the leeward side of the mountain range; 732-930 m). Among the Sierozems, the lowest SOM level was found in the cultivated cotton site, which is likely attributed to constraints on further soil development related to management interactions. Tillage, irrigation events, and quantity and quality of crop residues influences the balance between decomposition and accumulation of SOM. Of the cultivated sites studied, cotton produces lower residues compared to corn or sunflower [24] .
Soil Enzyme Activities as Affected by Land Use and Soil
Order. All enzyme activities generally decreased with increasing depth for the nine profiles (Table 4) . Within the forest sites, the pistachio forest (Su 1 ) showed a substantial decrease from the 0-2 cm depth to the 2-14 cm in all enzymes compared to differences in similar depths for the two forest sites under nut-fruit forests (KA 1 and KA 2 ). This observation is likely related to the lack of an O horizon in the Sierozem (Inceptisol) of the Su 1 site and further influenced by potential differences in litter chemistry and climate shifts between the low (Su 1 ) and high (KA 1 and KA 2 ) elevation sites. The decrease of enzyme activities with depth can be mainly attributed to the mitigation of biological activity Table 1. down the profile [25] . The decrease of enzyme activities and microbial biomass with soil depth has been noted in other studies [26, 27] . Enzymatic activities among land use groups within surface horizons (0-18 cm) typically decreased in the following order: forest > pasture > cultivated. Generally, enzyme activities are correlated to SOM content because litter plays a key role as a precursor for enzyme synthesis and in enzyme physical stabilization [21] but litter quality is also important. In general, forested sites, which tend to have higher lignin content, C : N ratios, and lignin : N ratios, resulted in greater accumulation of SOM in comparison to pasture or cultivated lands [28] . The SOM does not tend to accumulate in cultivated sites because harvest removes biomass and tillage of the remaining residues accelerates breakdown of SOM.
The ranges of enzyme activities (e.g., alkaline phosphatase and β-glucosidase) found in the soil surface of the nine profiles from the Kukart watershed in Kyrgyzstan were much higher than values reported for other forest and grasslands, but similar to cultivated land in a review for soils across the world [29] . Soil β-glucosidase activity ranged from 848 to 1945 mg PN kg −1 soil h −1 in the forest (adding up both first depths to ∼15 cm), 349 to 635 mg PN kg −1 soil h −1 in the pasture (adding up both soil depths to ∼15 cm), and 69.8 to 202 mg PN kg −1 soil h −1 (0-14 or to 34 cm) in the cultivated sites (Table 4 ). The ranges detected for this enzyme activity, which is important in C cycling, may suggest very distinct soil C substrates availability among these land uses. The forest sites showed more than two times higher values of this enzyme activity compared to the pasture sites and between 9 and 12 times higher compared to the cultivated sites. β-glucosaminidase activity is an enzyme involved in both C and N cycling and has been shown to be highly correlated with N mineralization [22] . Ranges for this enzyme followed a similar pattern as those shown for β-glucosidase: forest sites ranged from 59.7 to 405 (0-14 cm), pasture from 53.4 to 77.8 (0-17 cm), and cultivated sites ranged from 9.8 to 30.6 (0-34 cm) mg PN kg −1 soil h −1 . In general, forested sites tend to support increased fungal biomass and more complex C sources (chitin) compared with pasture and cultivated profiles, which may explain the higher levels of β-glucosaminidase found in the forested sites compared with the other land uses. Although the Brown and Black-brown surface soils (0-18 cm) under forest had higher β-glucosaminidase and β-glucosidase activities than those under the pistachio forest (Su 1 ) in a Sierozem (0-14 cm), the pistachio Sierozem had higher levels of these enzymes than the two pastures under Brown and Meadow-steppe soils Table 1. (KK 1 and KSu). This indicates that land use and more likely, substrate quality of decomposing residues within each land use are strong drivers of metabolic potential rather than soil type or SOM content alone. Among the P and S cycling enzyme patterns, only phosphodiesterase activity showed a clear distinction between the three land uses. The activity of this enzyme ranged from 579 to 1488, 299 to 481, and 83.4 to 215 mg PN kg −1 soil h −1 for the forest, pasture, and cultivated sites, respectively.
Enzyme activity trends due to land use were present regardless of elevation, climate, and soil types although more subtle differences among soil types within a land use were observed. For example, among the forest sites, the Inceptisol site (Su 1 , Sierozem) had the lowest enzyme activities and SOM values and these values were comparable to the Inceptisol pasture site (KSr, Sierozem) ( Figure 3) . However, Inceptisols under cultivation showed the lowest levels of enzyme activities among this group of soils evaluated. A study by Acosta-Martínez et al., [30] in a tropical watershed found that the management practice influenced the forest and pasture land uses tended to increase the enzyme activities in the Inceptisols compared to the other soil orders. The authors suggested that nutrient cycling as monitored by enzyme activities in Inceptisols under agriculture could be increased with adoption of conservation practices to levels comparable to other soil orders under pasture or forest. In general, Mollisols by definition contain greater SOM content than Inceptisols, which is related to processes that occurred during soil formation. Although SOM was strongly correlated with enzyme activity (r > 0.85), we did not find significant correlations between enzyme activities and inherit soil properties such as pH or clay content as has been shown in other studies [26, 31] .
Conclusion
This study provided the first soil survey on the characterization of key soil chemical, physical, and biochemical properties of nine soil profiles in the Kukart watershed, Kyrgyzstan. Our results demonstrated the important interactive forces between inherent soil properties (e.g., pH and texture) and land management on dynamic soil properties (SOM and enzyme activities) important for soil quality and ecosystem functioning. The significant reductions in measured soil enzyme activities involved in C, N, P, and S nutrient transformations under cultivation compared to pasture and forest ecosystems and lower values under Inceptisols can serve as soil quality indicators for land use decisions in the watershed. This study serves as a baseline for further soil classification efforts within the Kukart watershed and similar watersheds within Kyrgyzstan.
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